With another real estate boom-bust bringing woes to the world economy, a quest for a better policy toolkit to deal with these boom-busts has begun. Macroprudential measures could be in such a toolkit. Yet, we know very little about their impact. This paper takes a step to fill this gap by analyzing the Korean experience with these measures. We find that loan-to-value and debt-to-income limits are associated with a decline in house price appreciation and transaction activity. Furthermore, the limits alter expectations, which play a key role in bubble dynamics. JEL Classification Numbers: G21, G28, R20
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I. INTRODUCTION
The financial crisis of 2007-08 brought real estate boom-bust cycles to the fore of policy discussions and academic circles. What triggered the illiquidity and, ultimately, solvency problems in the financial sector that rocked the markets and brought the global economy to the brink was the downturn in the U.S. residential real estate. During the boom years, firsttime buyers (and sometimes speculators) had taken advantage of the relaxation in lending standards to obtain loans with little down-payment requirements and back-loading features such as negative amortization schemes. Existing homeowners also utilized the easy credit conditions as refinancing activity, frequently with cash-out options, picked up. When house prices started to fall, an increasing number of homeowners, including not only speculators but also owner-occupiers, were quickly pushed to the negative-equity territory. Defaults increased as strategic default incentives kicked in and homeowners facing difficulty to afford their mortgage payments because of interest rate resets were unable to refinance. Losses reflected in loan portfolios carried over to the valuation of mortgage-backed securities. Unconventional policy measures were taken to provide liquidity and, soon after, to ensure survival of key financial institutions.
Prior to the crisis, when it came to dealing with asset price booms, the widely-accepted tenet was one of 'benign neglect', namely, to wait for the bust and pick up the pieces (Bernanke and Gertler, 2001 ). Yet, the crisis and its formidable costs shifted the balance to the opposite camp favoring pre-emptive policy actions that could stop bubbles or, at least, could contain the damage to the financial sector and the broader economy when the bust comes. In other words, many policymakers now think that it is better to act than wait on the sidelines because the cost of inaction may greatly exceed the potential negative side effects of policy intervention. But, many still agree that monetary policy is too blunt a tool to be the best response (Posen, 2009) . Then, in the quest to better design the policy toolkit to deal with real estate booms and busts, macroprudential tools such as maximum limits on loan-to-value ratios (LTV) and debt-to-income ratios (DTI) are heavily advocated (see Crowe et al., 2011a , on pros and cons of various policy options). This has led several countries to recently adopt such limits or measures that would discourage high-LTV/DTI loans (Table 1 ; also see Crowe et al., 2011b, and IMF, 2011 , for a summary of specific country cases on macroprudential measures).
But, especially from an empirical perspective, we know little about the impact of these measures that have become popular with many regulators after the crisis. Theoretically, limits on LTV and DTI can kill two birds with one stone: they can curb the feedback loop between mortgage credit availability and house price appreciation, and, by restraining household leverage, they can help reduce the incidence and loss given default of residential mortgage loan delinquencies. These mechanics are at work in many theoretical models such as the one in, for instance, Ambrose et al. (1997) and, more recently, in Allen and Carletti (2010) . Econometric analyses analyzing their effects, however, have been relatively lacking. Lament and Stein (1999) and Almeida et al. (2006) provide evidence that economic activity is more sensitive to house price movements if LTV is higher. Duca et al. (2010) estimate that a 10-percentage-point decrease in LTV of mortgage loans for first-time buyers is associated with a 10 percentage point decline in house price appreciation rate. Crowe at el. (2011b) confirm the positive association between LTV at origination and subsequent price appreciation using state-level data in the U.S. Wong et al. (2004) argue that, in Hong Kong SAR, losses in the financial sector in the wake of the Asian crisis were limited because of low LTVs, in line with the finding that LTV at origination is an important determinant of loan default (see, for instance, Avery et al., 1996) . Wong et al. (2011) present some crosscountry evidence, at the aggregate level, that low LTVs can reduce delinquencies in response to economic downturns and property price busts. One reason for the little empirical evidence on the effectiveness of LTV/DTI limits used as macroprudential tools is the fact that use of mandatory limits on these loan eligibility criteria especially in an actively-managed manner in response to cyclical movements in real estate markets has a short history and only a few countries, namely, Korea, Hong Kong SAR, Singapore, and Malaysia (at varying degrees of complexity), have adopted such frameworks. This paper examines the impact of LTV and DTI limits on house price dynamics, residential real estate market activity, and household leverage in Korea. First, a regional dataset is used to exploit the variation across regions with different LTV/DTI limits in effect at different points in time. Second, and more innovatively, we use a unique dataset gathered from annual surveys conducted by Kookmin Bank and complemented with information from the Bank of Korea. This unique dataset covers information on the housing tenure and mortgage decisions of roughly 2000 households each year and runs from 2001 to 2009. We ask two questions. First, what happens when LTV/DTI limits are adjusted in response to developments perceived to be risky? Second, can we quantify the impact of LTV and DTI limits on housing and mortgage activity?
We find that transaction activity drops significantly in the three-month period following the tightening of LTV/DTI regulations. Price appreciation slows down a bit later, in a six-month window rather than the three-month window. Moreover, price dynamics appear to be reined in more after LTV tightening rather than DTI tightening. Survey data analysis using a matching estimator framework offers some insight into what the channel for the impact of the policy actions may be: expected house price increases in the future become lower after policy intervention and this is more prevalent among older households while plans to purchase of a home are more likely to be postponed by those who already own a property, i.e., potential speculators, but not by those who do not own a property, i.e., potential first-time home buyers. These findings suggest that tighter limits on loan eligibility criteria, especially on LTV, curb expectations and speculative incentives.
In terms of magnitude, our analysis point to sizeable impact on transaction activity and house price appreciation. More specifically, average drop in transaction activity in the three-month period following a tightening of macroprudential regulations on loan eligibility criteria is 16 percent for LTV and 21 percent for DTI. Appreciation rates decrease by a monthly rate of 0.5 percent against a historical monthly change of 0.4 percent in the six-month window following a tightening of LTV. The larger impact on transaction activity may indicate that most of the effect of these actively-managed macroprudential tools falls on the quantity in the market rather than the prices, raising concern that the price discovery process is hurt by the measures because some of the buyers and sellers decide to (temporarily) exit the market, but it may also be just an artifact of the adjustment mechanism in real estate markets where transactions respond first and prices adjust at a slower pace. We do not find as strong an effect on growth rates of mortgage loan originations and household debt levels, perhaps reflecting the slow-moving nature of these variables.
Our contribution to the literature comes not only from the study of a timely and interesting topic that has not yet been studied in depth but also the use of disaggregated data in the empirical analysis. Wong et al. (2011) look at the responses in aggregates, as we do in the first part of our analysis, but it is hard to infer causal links from such cross-country analysis. To the best of our knowledge, ours is the first paper to look into the effects of activelymanaged macroprudential regulation on loan eligibility using information at the household level. By exploiting variation across households, we can go beyond the correlation between macroprudential tools and housing market developments and assess the causal impact of LTV and DTI limits.
Policy implications of our analysis are encouraging but should be taken with a grain of salt. In housing markets, expectations are key as they often facilitate the settling in of bubble dynamics (Allen and Carletti, 2010) . If, as suggested by the evidence presented here, limits on LTV and DTI curb expectations and discourage potential speculators, they can be effective tools to tame real estate booms and contain the associated risks. Having said that, the analysis provides only a partial assessment of the LTV and DTI regulations. The broader housing policy has implications for the mismatches between housing supply and demand, as well as for maintaining expectations of slow but steady house price appreciation. Hence, macroprudential regulations may be treating the symptoms of distortions caused by these other policies. The lack of evidence on any impact on the growth rate of mortgage debt may suggest that LTV and DTI regulations indeed are not fully effective in reining in the buildup of excess leverage, which remains attractive because of the other policies in place. In addition, the individual welfare costs of excluding some households from the housing market would be outweighed by an aggregate welfare gain if the tightening of LTV/DTI prevents or curbs a bubble, the detection of which remains a difficult task.
The rest of the paper is organized as follows. Section II provides brief background information on Korean housing and mortgage markets. Section III gives the details of the dataset, describes the empirical approach, and presents the findings. Section IV concludes.
II. BACKGROUND: KOREAN HOUSING AND MORTGAGE MARKETS
A. Basic Facts
Residential Real Estate Sector and Housing Finance
Administratively, Korea is categorized into nine provinces. Urban areas include Seoul (the capital city) and six big cities known as "Gwangyeok cities". Economically, however, the country is better characterized by three areas (Text Figure) Incheon, one of the six Gwangyeok cities, and the remainder of the Gyeonggi province (shown in blue), and Non-Metropolitan Area which includes the remaining five Gwangyeok cities (shown in green) as well as the rural areas scattered in the remaining eight provinces (white). Seoul can be further divided into two areas (geograhically marked by the Han River): the northern part (Gangbuk, traced by black lines) and the southern part (Gangnam, traced by blue lines). In the latter, "Gangnam Three" (traced by red lines), which includes the three major boroughs (Seocho-gu, Gangnam-gu, Songpa-gu), stands out as the most desirable area to reside in as it is host to high-quality urban structures including schools. As a result, this area has higher median home prices and has experienced the largest increases and fluctuations in house prices over the last couple of decades, making it to top of the watch list of the supervisors. (Kim and Cho, 2010) . Still, mismatches between supply and demand remain in some regions, most notably, southern Seoul. The majority of housing stock consists of apartments, rather than single-family homes, reflecting the high urbanization rate (68 percent of households live in urban areas with almost 70 percent of these living the metropolitan area). Homeownership rate, standing at around 55.6 percent as of 2005, is in the lowest quartile among OECD countries. Given the somewhat stagnant population growth, gross value added by the construction industry (as a percent of the total value added) has been declining since the late 1990s but remains higher than many advanced countries at about 6.6 percent. Affordability, as measured by price-to-income ratio, has improved in comparison to the 1980s and 1990s.
The housing finance system in Korea was deregulated in second half of the 1990s. Particularly, commercial banks entered the mortgage business in 1996 followed by the privatization of the Korean Housing Bank (KHB), the monopolistic provider of low-interest, long-term housing loans, in 1997.
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Before the deregulation of the housing finance system, more than 80 percent of mortgage loans was held by the publicly-owned National Housing Fund (NHF) (Chang, 2010) . prevalent loan type carries an adjustable rate and 56 percent LTV at origination. While maturities up to 20 years are common, the majority of mortgages are "bullet loans", which require full payment or refinancing after a 3-year period. Banks dominate the mortgage market with a market share exceeding 80 percent. Deposit-based financing remains the norm, although mortgage-backed-security issuance has grown to 5.8 percent of total mortgage debt outstanding in 2010 since the establishment of the Korean Housing Finance Corporation (KHFC) in 2004.
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Regulatory Approach
One of the lessons policymakers in Korea, and a few other Asian economies, took away from the crisis in 1997-98 was that asset price and credit booms, and the ensuing busts, can be devastating. Moreover, the credit card bubble, which had emerged partly owing to the expansionary policy measures aiming to stimulate the economy in the aftermath of the financial crisis, burst in 2003. Delinquencies rose sharply and economic growth took a hit as consumer spending shrunk. This demonstrated, once again, the need to monitor systemic risks and contain distress that can emerge from common exposures and feedback loops between the financial and real sectors, i.e., macroprudential supervision, since microprudential supervision focusing only on the soundness of individual financial institutions proved to be insufficient in satisfying this need.
Accordingly, as one of the first cases to tackle from a macroprudential perspective, the Financial Supervisory Service (FSS) took on the real estate markets starting in late 2002. LTV limits were introduced first, followed by DTI limits in 2005. The same year, in an effort to further improve macroprudential supervision, the FSS created the Macroprudential Supervision Department, with the mandate to assess systemic risk factors using early warning systems and stress tests to guide prudential policies.
As a result of these developments, housing and mortgage markets in Korea have been heavily influenced by policy interventions. In general, stable house prices, defined as annual house price appreciation rates within the zero and nominal GDP growth rate band, have been an overarching policy objective along with the goals of assisting urbanization and providing affordable housing options to low-income households. Strict regulations on land use and redevelopment also affect the real estate market dynamics by holding back prompt supply response. The battery of policy tools to accomplish the objective of stable house prices include adjustments in LTV and DTI limits as well as moral suasion on lenders, subsidies to housing finance, changes in taxes, direct support for the private construction sector, and government supply of new housing units or purchase of existing units. In our empirical analysis, we keep the focus on LTV and DTI limits but also check the robustness of the findings by considering major changes in other policies as control variables in the regressions, including monetary policy stance. House prices (together with transaction activity) and mortgage loan growth tend to move in the same direction, demonstrating the two-way feedback loop documented in the literature (see Crowe et al., 2011b , and references therein).
Price and credit dynamics have been driven, in addition to supply and demand conditions, by often policy-induced restraints on lending standards.
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These dynamics vary across geographical regions, and so has the policy response. Since their launch in September 2002 and August 2005, respectively, the LTV and DTI limits have been changed several times not only in terms of the levels themselves but also in terms of the areas and the financial institutions to which they are applicable. Tables 2a and 2b give detailed information, including the timeline, on the LTV and DTI regulations, respectively.
In the first cycle, real estate emerged as a preferred asset class in the wake of the IT bubble burst. As monetary policy eased to give a boost to the economy and financial institutions, burnt by corporate bankruptcies, rebalanced their loan portfolios by extending credit to households aggressively, returns to housing in comparison to bank deposits and corporate bonds surged. Policymakers took action starting in September 2002 with the introduction of the 60 percent LTV limit (maximum allowed). House price appreciation decelerated significantly from more than 20 percent on a year-on-year basis to 9 percent in six months, but accelerated again eliciting tightening of LTV limits twice (Figure 2 ).
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The second 5 See, for instance, De Nicolo et al. (2010) and references therein on how monetary policy can affect incentives for risk taking in financial institutions. Such effects may have the potential to undo the impact of more strict financial regulation. 6 Since the last trough in April 2009, prices bounced back rather quickly but started declining again in July 2010, at least in part due to the tightening of LTV/DTI limits and moral suasion on banks to keep mortgage loan growth rates in check. The policy response has been reversed in August 2010 and mortgage lending and house prices resumed their ascent in late 2010. 7 One concern often voiced by opponents of frequent adjustments to loan eligibility criteria by policymakers is the increased volatility in prices.
tightening was accompanied by tax measures, which included changing the basis for capital gains tax calculations to real transaction price and increasing the capital gains taxes for owners of multiple properties, marked the beginning of the downturn phase. The decline in prices gained pace with the restitution of development gains on housing construction projects in June 2004.
The second cycle set in as monetary policy took an accommodative stance again, this time in response to the financial distress due to the credit card debacle. Other factors pushing prices up were increasing competition among lenders and release of large land compensation funds under various urban development initiatives. With higher capital gains taxes discouraging potential sellers, a shortage of homes for sale followed. Policy response came quickly in various forms reining in part of the exuberance in early 2007. Prices slid further as the global financial crisis hit but recovered as early as the second half of 2009. The authorities intervened again in October 2009 and markets remained cooled down through the third quarter of 2010. As bubble concerns turned into "excessive cooling", some of the measures were loosened in August 2010.
III. EMPIRICAL ANALYSIS
In order to analyze how the introduction of the LTV and DTI regulations, designed to set limits on the leverage taken by homebuyers and in turn reduce housing demand and stabilize prices, we gather data both at the macro and micro levels. We first describe the analysis and present the findings for the macro-level data (subsection III.A) and then the micro-level data (subsection III.B). This allows us utilize both the cross-sectional and the time-series variation in our datasets in an effort to tease out a relationship that goes beyond simple correlations in our analysis of the impact the policy interventions in Tables 2a and 2b .
A. Effects of LTV and DTI Limits on Regional Housing and Mortgage Market Activity
At the macro level, aggregate series for house prices, transaction volumes, and mortgage loans are obtained from the Bank of Korea and the Korea National Statistical Office. Time coverage is restricted to the 2002-10 period, when macroprudential policy interventions were actively used. Additionally, we get information from the Realtors Association on the "dominance of selling", that is, the proportion of realtors reporting that the number of sellers exceeds the number of buyers. All macro-level data are available at monthly frequency.
At the regional level, the regulatory limits are set separately for "speculative zones" and nonspeculative zones". An area is designated as a speculative zone if the following criteria are satisfied:
 monthly nominal house price index (HPI) rose more than 1.3 times nationwide inflation rate (CPI) during the previous month, and  either (i) the average of the HPI appreciation rates in the previous two months was higher than 1.3 times the average of the national HPI appreciation rates in the previous two months, or (ii) the average of the month-on-month HPI appreciation rates over the previous year was higher than the average of the month-on-month national HPI appreciation rates over the previous three years.
We look at the differences in the responses of housing market activity and mortgage loan originations across these regional divides before and after a change in the LTV and DTI regulations take effect. The baseline regression is where is the variable of interest in housing and mortgage markets, i.e., the house price appreciation rate, number of transactions, mortgage loan growth rate, and dominance of selling in region r at time t.
is a matrix of control variables including indicators of the level of general economic activity, monetary policy stance, and measures of tightness and expectations in housing markets. This equation is estimated using ordinary least squares (OLS) for each variable of interest separately.
is a dummy variable that takes on the value of 1 in the six months following the announcement of a rule change. We also construct this dummy for one or three months after the rule change and one, three, or six months before a rule change. Looking at the responses of markets at these various windows helps us assess the horizon over which a policy intervention has an effect as well as find out whether the anticipation of a policy intervention, rather than the specifics of a rule change per se, triggers a response in the markets.
We split the analysis into two parts and examine interventions that tighten the existing regulations and those that loosen them separately. There were 13 interventions in total, 6 of which were related to LTV and 7 related to DTI, in the period we are examining. Of these 13 interventions, 3 (one LTV-related and two DTI-related) loosened the existing regulations. Hence, we are left with 10 tightening interventions, five on LTV and five on DTI regulations, in the first part of the analysis and 3 loosening interventions in the second part.
There are two issues that deserve further investigation by modifying the baseline specification. First, notice that the estimated difference in housing market activity before and after the policy intervention in this specification is compared to the sample average. In other words, we identify the impact of the policy interventions as the change in housing market activity relative to its average over the whole sample period. Therefore, it is likely that the impact is underestimated. In order to examine the response in housing market activity after each intervention more accurately, we run the specification with a separate dummy for each intervention.
Second, note that this specification combines all interventions and, hence, treats them as identical without distinguishing the interventions in terms of their scope (e.g., only applicable to banks versus applicable to all financial institutions) and strength (e.g., a change of 10 percentage points in the level of LTV/DTI limit versus a change of 5 percentage points). In order to take into account the fact that each intervention is different because of e.g. the number of lenders and borrowers it affects and in the degree it changes the existing rules, we construct an index, , based on the regions and types of lender, borrower, property, and loan to which the rule change is applicable.
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In this case, the empirical specification is Admittedly, the decision to tighten a particular regulation in an area or to change the designation of an area to a speculative zone is not an exogenous one: areas showing signs of overheating are more likely to be subject to a tightening. Moreover, as shown by numerous studies, there generally is a two-way relationship between house prices and mortgage credit as well as between house prices and business cycle movements. Hence, note that it is difficult to tease out the causal effect of LTV and DTI limit adjustments in this setup. We analyze such a causal effect in the next subsection using household level information.
At a first glance, average appreciation rate in house prices and growth rate of transactions and household debt levels, calculated on a month-on-month basis, drop considerably following a tightening in the rules governing LTV and/or DTI limits (Figure 3) . Decline in the growth of number of transactions is particularly striking compared to the other variables of interest. Also interesting is to note that the experience in metropolitan areas is starkly different from the experience in the non-metropolitan areas. Hence, when we look into the changes in these variables of interest one by one, we distinguish between these two areas.
House Prices
Price appreciation rates are significantly lower following the implementation of an LTV rule tightening (Table 3a , first column). Moreover, this effect is only observable in the metropolitan areas, where tighter rules are more likely be applicable. Hence, while still plausible, it is less likely that the negative and significant coefficients on the LTV tightening dummy are driven by nationwide developments over time. The evidence for DTI tightening is not as strong: while the coefficients for all windows (one, three, or six months) are negative, they are not statistically significant.
There appears to be some positive association between price appreciation prior to an LTV rule tightening and the implementation of the rule change. While this may be an indication of anticipation of the rule changes by market participants, it is hard to rule out reverse causality: the tightening decision is based on recent price changes in the market.
On the flip side, the response in house price appreciation rates is less visible when rules are loosened (Table 3b , first column). Actually, it looks like there is a negative association between house price changes and more lax rules: LTV dummy at rule change announcement and DTI dummy for the month following the rule change have negative and significant coefficients. While counterintuitive at first, this association can be explained by the policy intervention decision being based on what has been happening in the housing market and inertia in prices. The coefficient for the LTV reverses at the one-month window, but the coefficient is small in magnitude compared to tightening of the rules in Table 3a . Taken together, these seem to suggest that bringing a (temporary) halt to exuberance in housing and mortgage markets may be easier than giving a boost to slowing markets.
Transaction Activity
Growth in the number of transactions shoots up with the announcement of a tightening in loan eligibility criteria and plunges in the following months (Table 3a , third column).
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Especially with a DTI tightening, the hit from the tightening appears to be borne mostly by transactions rather than prices. This may have important implications depending on the mechanism behind. More specifically, if the stronger response in transaction activity is just an artifact of the workings of housing markets, where quantity adjustment comes before price adjustment, macroprudential rules, especially LTV, appear to be effective tools to curb excessive house price appreciation. But, if this is a reflection of potential buyers and sellers exiting the market, the price discovery process, which already is slow in real estate markets, may become impaired. Further implications related to welfare concerns may follow in this case: it may be the potential first-time home buyers being forced out of the market by lower limits on LTV and DTI, and reduced access to finance by these often younger and less wealthy groups may create social and political frictions. In our analysis of survey data, we examine the characteristics of the households that are more affected by the policy interventions to shed more light into this issue.
Mortgage Loans
Since we do not have mortgage loan data broken down by regions, we examine the changes in household debt levels instead. To the extent that financial decisions are determined together, mortgage loans and other loans to households will tend to move together.
Perhaps reflecting the slow-moving nature of balance sheet measures, we do not find much evidence of the expected negative association between the growth of household leverage and tightening of macroprudential rules. Contrary to the findings on prices and transactions, DTI appears to be more closely linked to the evolution of household debt levels. Furthermore, the symmetric effect seem to exist with loosening of DTI rules but, again, not with LTV. This is somewhat surprising given that LTV appeals more to leverage and strategic default incentives whereas DTI is considered to appeal more to affordability. One explanation could be that, since payments on loans other than mortgages are included in the calculation of DTI, households are forced to consolidate their debt in order to get approved for a mortgage loan. This process may end up reducing the overall household debt levels although outstanding mortgage loans increase. 11 In regressions not reported here, we find that this effect disappears at the twelve-month window.
Dominance of Selling
There is some evidence that the residential real estate market becomes more seller-dominated following the changes, both tightening and loosening, in loan eligibility criteria (Tables 3a  and 3b , seventh columns). DTI appears to be more effective in turning the marketplace from being buyer-dominated to seller-dominated when it is a tightening while LTV seems to have stronger support for such an effect in the loosening case. This may be indicating that potential buyers that are at the margin in terms of their affordability constraints get out of the market when DTI limit is lowered but they are not as easily persuaded back into the market with the loosening whereas the developers flood the market when LTV limit is raised.
In sum, the empirical analysis of macro data shows that macroprudential rules are followed by a large drop in transaction activity and they may be effective in taming rapid house price appreciation rates. These seem to apply more closely to LTV regulations. When we repeat the regressions by introducing a separate dummy variable for each policy intervention, the broad picture is not altered, yet it is clear that not all interventions work the same way or to the same extent (Tables 4a and 4b ). As explained earlier, to incorporate the differences among these interventions and reflect their varying strength, we construct an index with higher values corresponding to tighter regulation. The results, however, are not significant.
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This insignificance, aside from issues related to the construction of such an index, may be indicative of macroprudential tools working through expectations rather than by creating a one-to-one impact commensurate with their strength.
B. Effects of LTV and DTI Limits on Household Choices
At the micro level, we utilize information on individual households using the Survey on Mortgages and Housing Demand conducted annually by Kookmin Bank. This dataset covers the period from 2001 to 2009 and around 3000 households each year across the nation. Disproportional stratified sampling is the method used in conducting the survey. To put it more precisely, households are first divided by region using regional population as weights and then the survey participants are selected randomly within each region. The dataset includes information on the households' socio-economic and demographic background (e.g., age, education level, income level, balance sheet position) as well as their plans on housing tenure and expectations on house prices.
In order to estimate the average effect on property buying decisions and perceptions on the direction of house prices, we distinguish between two types of households: those who are subject to a particular rule change, i.e., those that are given treatment, and those that are not. Let and denote the outcome variable for household i with treatment and without, respectively. Note that for each household we only observe the outcome in one state or the other. Further, let the conditional expectations of these variables, given a vector of observable characteristics , be given by and , where and are unknown parameters. Defining 1 if household i received treatment and 0 if not, the observed outcome can be written as 1 .
Although whether a household receives treatment or not is not random and potentially endogenous to the outcome variable, it is possible to estimate the effect of getting the treatment while accounting for its endogeneity is possible using the techniques described in Heckman, Ichimura, and Todd (1997) and Abadie and Imbens (2006) . Specifically, the problem is one of missing data. For each household i, we do not observe the counterfactual so we cannot compare the outcome with and without treatment. But we can find another household whose characteristics are similar but who were not exposed to the LTV/DTI rule changes and associate the missing outcome to the outcome for that household. In other words, we first match the treated households to untreated households based on their observable characteristics and then compare the outcomes for the matched pairs to estimate the sample average treatment effect.
We match the households that were subject to the tightening of loan eligibility criteria to those that were not using their income level, financial assets, debt, and the price of the property they live in.
13 Table 5 shows the summary statistics for the treated and untreated groups before and after the matching procedure. Observably, the treated and the untreated have stark differences. The matching procedures eliminates these differences and the two subsamples are no longer statistically different. So, when we compare the outcomes for the treated and the untreated only using the matched pairs, the difference in the outcomes can be attributed to the treatment rather than to differences in observable characteristics, taking us a step further in interpreting this effect in a causal way rather than a simple correlation.
Expectations and Demand for Housing
Results from the matching estimator framework are presented in Table 6 . On an experimental treatment effect basis, both LTV and DTI tightening are effective in delaying property purchase decisions. Such a policy intervention also pushes down price expectations but only in the case of LTV. These findings offer an interesting interpretation for the results on the aggregate data: the drop in transaction activity and the slowdown in house price appreciation rates following a tightening may work through the expectations channel. To put it more precisely, lowering LTV limits curbs agents' expectations about future house price gains and alters their housing tenure and investment choices. Demand for homes drop as households believe they face lower returns to housing in the future, alleviating the pressure on prices. Interestingly, we find the opposite effect on expectations for DTI limits. One reason for this could be the fact that DTI works more closely through the affordability channel and a tightening of this measure may lead agents to believe that those who can now qualify for a mortgage loan are actually richer households and they would be able to pay more for the same house.
This finding is promising because the inertia in house prices and the difficulty of breaking bubble dynamics once they set in real estate markets have been pointed out to highlight what makes real estate cycles potentially dangerous. In particular, agents tend to revise their expectations of future house price changes in an adaptive manner and higher realized increases translate into higher expected increases. Expectations of better returns to housing push more households to buy today rather than tomorrow and, at the same time, attract speculators into the market. Hence, a self-fulfilling loop emerges until the house price levels breach affordability constraints and loop reverses. If macroprudential tools can affect expectations, they offer a viable option to put a backstop to this loop and, hence, to deal with real estate booms.
Response to Policies and Characteristics of Households
Although the negative impact on expectations and prospective demand is an intended consequence, one issue is whose expectations these macroprudential tools affect. A commonly-raised concern regarding LTV and DTI limits is that they may inadvertently target young couples or first-time home buyers. This is because both LTV and DTI impose direct financial constraints on the households' ability to borrow and they tend to become binding for those with little savings to use as a downpayment or those with little income as they are at the beginning of their life cycle of earnings. The fact that the constrained households are easy to identify and the social goals associated with housing may pose important political challenges in implementing LTV and DTI limits.
We split our sample to see if this is indeed an issue. First split is based on the age of the head of the household: we label those below 35 as "young" and others as "old". The second split compares those who already own a property ("speculators") to those that currently do not ("first-time home buyers") 14 . Looking at the results in Table 7 , it is not obvious that this is a problem in Korea's experience. On the contrary, it is the older households and speculators (i.e., those who already own a property) that are influenced more by the policy interventions. This is again promising for efficacy of LTV as a macroprudential tool as they indicate that social issues associated with denying homeownership to young, first-time home buyers does not find support, at least, in the Korean case.
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Once again, we find the opposite effects for DTI when expectations are the variable of interest, but a similar results holds when we look at the demand for properties: limits on DTI lead to a delay of property purchase plans by the older households and speculators but not the young households or the (potential) first-time home buyers.
IV. CONCLUSION
We examine the impact of LTV and DTI limits on house price dynamics, residential real estate market activity, and household leverage in Korea. We find that transaction activity drops significantly in the three-month period following the tightening of LTV/DTI regulations. Price appreciation slows down a bit later, in a six-month window rather than the three-month window. Moreover, price dynamics appear to be reined in more after LTV tightening rather than DTI tightening. Survey data analysis using a matching estimator framework offers some insight into what the channel for the impact of the policy actions may be: expected house price increases in the future become lower after policy intervention and this is more prevalent among older households while plans to purchase of a home are more likely to be postponed by those who already own a property, i.e., potential speculators, but not by those who do not own a property, i.e., potential first-time home buyers. These findings suggest that tighter limits on loan eligibility criteria, especially on LTV, curb expectations and speculative incentives.
Policy implications of our analysis are encouraging. In housing markets, expectations are key as they often facilitate the settling in of bubble dynamics. If, as suggested by the evidence presented here, limits on LTV curb expectations and discourage potential speculators, they can be effective tools to tame real estate booms and contain the associated risks.
APPENDIX
Regional Characteristics
Based on socio-economic characteristics, Korea is split into the two main areas: (1) Seoul Metropolitan Area (Seoul, Incheon Gwangyeok city, and Gyeonggi province), and (2) NonMetropolitan Area (five Gwangyeok cities except Incheon and the remaining areas scatterred through eight provinces). Seoul is further divided into two areas: Gangbuk and Gangnam. Socio-economic characteristics of these regions are shown in Appendix Even though Seoul Metropolitan Area (SMA) occupies only 11.8 percent of the geographical area, 48.1 percent of the population and 56.4 percent of the households live in SMA. Most of the government offices, headquarters of private companies, prestigious universities, and cultural facilities are concentrated in this area. Almost half of the GDP (48.2 percent) and two-thirds of the housing wealth (63.8 percent) is accounted for by SMA. Compared to the Non-Metropolitan Area (NMA), unemployment rate and household gross incomes are higher by 1.3 percentage points and 11.8 percent, respectively. In the desirable Gangnam area, the median price for apartments, which is the most popular type of residence in the country, is 2.6 times the median price in the country and is 6.7 times higher than the median apartment price in rural provinces.
Chonsei System
Chonsei is a unique housing rental system. It requires the renter to make a "key money deposit" of about 50 to 90 percent of the market value of the rental space instead of paying monthly rent. This deposit is returned in its entirety to the renter at the end of the contract, which usually lasts two or three years. Early termination of the contract requires another renter to replace the outgoing renter. This enables the owner to freely invest the deposit during the contract period. For the Chonsei system to work, interest rates need to remain high, renters have to have enough cash upfront, and owners need to return the money faithfully. High interest rates allow the owners to make a reasonable profit from the alternative investment. During the past decades, interest rates in Korea were relatively high, so the owners had strong incentives to run the Chonsei system. With house prices also starting to rise at high rates, some owners attained leverage to buy an additional property through the Chonsei system by using the Chonsei deposit to complement their downpayment.
In 2005, 22.4 percent of Korean households lived in Chonsei. The ratio of Chonsei contracts in the Gangnam area was the highest with 33.5 percent and that in rural provinces was the lowest with 13.2 percent (Appendix Table 2 ). This is in line with the higher median apartment prices pushing more households to choose the Chonsei option as they cannot afford to buy the property.
Appendix 3~10  10~~3  3~10  10~~3  3~10  10~~3  3~10  10~~3  3~10  10~~3  3~10  10p  rice level~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6~~6 6L  TV0  before . 2009  2  2  2  2  2  2  2  2  2  2  2  2  1  2  1  2  1  2  2  2  2  0.09  0.1  Aug. 2010  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2 adjustment factor index Notes: A score of 1, 1.5, or 2 is assigned for a ratio limit of 60, 50, and 40 percent, respectively. The score is set at 0 for other levels. The index is calculated as the weighted average of these scores where the weights are the measures related to the coverage of the rule in terms of type of lender, loan, and property, and regions. These weights include the ratio of mortgage loans by banks, the ratio of the number of households in Seoul Metropolitan Area, ratio of number of households in the speculative zones in Seoul, the ratio of mortgage loans with a maturity less than three years, and the ratio of the number of households who own a house valued over 600 million won. When regulations are loosened, only Gangnam Three is kept as the area for which the rules are applicable and an adjustment factor of 0.1 is used to multiply the weighted average. Notes: Data are at monthly frequency. Sample period covers from January 2000 to December 2010. The dependent variables are the log change in real house prices, number of transactions, and household debt level, in each respective column. LTV and DTI intervention variables are dummy variables that take on the value of 1 for the respective periods before/following the intervention. In each regression, only two dummies (one for LTV and one for DTI) are included. In all regressions, lagged house price change, mortgage loan rate, and log changes in the money supply (M2), in unsold inventory of properties, in the composite index of coincident indicators (a measure of the business cycle) and in the KOSPI are included as controls. 'Metro' refers to the Seoul Metropolitan Area. 'Non-Metro' are all remaining areas. Newey-West standard errors, with maximum lag of 2, are in square brackets. ***, **, and * denote significance at the 1, 5, and 10 percent level, respectively. Notes: SATE stands for sample average treatment effect (aka experimental treatment average). SATT stands for sample average treatment effect for the treated. Treated are the households for whom the tightening of LTV/DTI regulation is applicable. 'Demand' is a dummy variable that takes on the value of 1 if the household is planning to purchase a property over the course of the coming year. 'Upward price expectation' is a dummy variable that takes on the value of 1 if the household is expecting house prices to go up over the course of the coming year. 'Expected price expectation', expressed in percent, is what the households expect the change in house prices to be over the course of the coming year. Young versus old distinction depends on a dummy that is one if the age of the head of household is less than or equal to 35. First-time buyers versus speculators are defined based on whether the household currently owns a property or not. The estimates are corrected for the bias due to inexact matching in finite samples. Standard errors are in square brackets. ***, **, and * denote significance at the 1, 5, and 10 percent level, respectively. 
